Fossil Bandicoots (Marsupialia, Peramelidae) and Environmental Change During the Pleistocene on the Darling Downs, Southeastern Queensland, Australia by Price, Gilbert
Journal of Systematic Palaeontology 2 (4): 347–356 Issued 26 January 2005
DOI: 10.1017/S1477201904001476 Printed in the United Kingdom C© The Natural History Museum
Fossil Bandicoots (Marsupialia,
Peramelidae) and environmental
change during the Pleistocene on
the Darling Downs, southeastern
Queensland, Australia
Gilbert J. Price
Queensland University of Technology, School of Natural Resource Sciences, GPO Box 2434, Brisbane,
Queensland, Australia 4001
SYNOPSIS Systematic collecting from fluviatile Pleistocene fossil deposits of the Darling Downs,
southeasternQueensland, Australia, has led to an increase in the region’s fossil record of bandicoots.
Isoodon obesulus, Perameles bougainville and P. nasuta are reported for the first time in the Darling
Downs fossil record. Accelerator mass spectrometry 14C dates based on charcoal from bandicoot
fossil-bearing stratigraphic horizons indicates deposition 45–40 ka. Additional material attributed to
the recently described Darling Downs P. sobbei is also described. P. sobbei retains plesiomorphic
characters in theupperdentition including reductionof themetaconuleonM3 and the lackofposterior
cingula on M2 and M3. Phylogenetic interpretation of dental characters suggests that P. sobbei has
closer affinities to the Pliocene P. bowensis than to any modern species. The presence of extant
speciessuchasP.bougainvilleand I. obesulusas fossilsprovidesevidence thatscrublandsandclosed
woodlandswith dense understories existed on the Darling Downs during the Pleistocene. The Darling
Downs bandicoot assemblage represents the only known fauna, fossil or modern, where I. obesulus,
P.bougainvilleandP.nasutaoccursympatrically. ThePleistoceneDarlingDownsmayhavehadamore
equable climate than occurs today and a greater range of habitat niches to support such populations.
The southern and western contraction of the geographical ranges of I. obesulus and P. bougainville
between the Pleistocene and the present was probably the result of significant environmental change
that may have involved the contraction of woodlands and expansion of grasslands. The persistence
of P. nasuta populations on the Darling Downs from the Pleistocene to the present may reflect that
species’ ability to adapt to a wide range of habitats.
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Introduction
Palaeoenvironmental interpretations of past climates and cli-
mate change are commonly based on fossil assemblages that
contain extant species with known environmental tolerances.
Such interpretations are generally based on the assumption
that species have not undergone significant biological or
physiological change over time. It is clear that many ex-
tant taxa have experienced major shifts in their geograph-
ical distributions since the Late Pleistocene, indicating that
their environmental tolerances in a particular area may have
changed (Lundelius 1983, 1989; Graham et al. 1996; Stafford
et al. 1999). However, evolutionary tracking of biological
or physiological change in extant species over time in re-
sponse to environmental change, would probably result in
no alteration to their Pleistocene geographical distributions
(Lundelius 1983). That hypothesis is difficult to assess and
may limit the precision of palaeoenvironmental interpreta-
tions that are based on extant taxa occurring as fossils, but
does not necessarily invalidate them (Lundelius 1983).
Complications commonly occur where fossil as-
semblages contain extant species that provide conflicting in-
formation about past climates. Many late Pleistocene fossil
assemblages are characterised by the coexistence of extant
species that today show allopatric geographical distributions
(Graham & Lundelius 1984). For example, Dyrovaty Kamen
Cave, Russia, contains the pied lemming (Dicrostonyx
gulielmi near D. torquatus), a species presently confined
to arctic tundra, as well as the steppe lemming (Lagurus
lagurus), an inhabitant of grasslands (Stafford et al. 1999).
Those species have completely allopatric distributions today,
separated by over 1000 km and they occupy distinctly dif-
ferent habitats. Similar types of conflicting faunal associ-
ations are common throughout Eurasia, Africa, America and
Australia (Lundelius 1983, 1989; Graham & Lundelius
1984). Semken (1974) used the phrase ‘disharmonious’ to
describe those fossil associations of extant species that have
no analogue with modern communities. Non-analogue as-
semblages are generally time restricted, being quite common
in Late Pleistocene deposits, but rare in Holocene deposits,
suggesting that most modern biomes are Holocene in age
(Lundelius 1989; Stafford et al. 1999). Non-analogue asso-
ciations of fossil species that provide conflicting information
about palaeohabitats are generally interpreted as indicating
greater habitat diversity or patchiness and such greater di-
versity may have been maintained by more equable climates
with less seasonality (Lundelius 1983, 1989). Climatic in-
terpretations of non-analogue assemblages are based on the
assumptions that: (i) faunas, particularly mammals, are not
directly affected by climates, but by availability of vegetation
for food and shelter and that is, in turn, affected by climate
(Graham et al. 1996) and (ii) geographical ranges of extant
species are well known (Lundelius 1983). However, the doc-
umentation of geographical distributions of extant taxa has
been compromised in some areas such as Australia owing
to the rapid contraction and disappearance of sensitive
taxa in many areas immediately following European settle-
ment. Australian examples include the contraction of the
range and subsequent mainland extinction of the western-
barred bandicoot (Perameles bougainville) and the absolute
extinctions of the thylacine (Thylacinus cynocephalus) and
Toolache wallaby (Macropus greyi: Friend & Burbidge 1995;
Rounsevell & Mooney 1995; Smith 1995). In contrast,
post-European settlement and pastoral activities have led
to increases in the distributions of other species such as
the eastern grey kangaroo (M. giganteus: Poole 1995). The
aim of this paper is to discuss the taxonomy and palaeoen-
vironmental significance of an assemblage of fossil bandi-
coots, a group of rabbit-sized terrestrial vertebrates in the
fossil record of the Pleistocene Darling Downs, southeastern
Queensland, Australia.
The Darling Downs is renowned as a rich source of
Pleistocene vertebrate fossils. Megafaunal species such as
the rhinoceros-sized Diprotodon and giant kangaroos, in-
cluding Procoptodon and Protemnodon, are well represented
in the deposits, although small-sized species remain poorly
known. Recent systematic collecting from various Darling
Downs fossil deposits have begun to yield both megafaunal
taxa as well as small-sized taxa including land snails, frogs,
skinks, agamids and small mammals (Price 2002). Among
the more interesting discoveries were new records of Pleis-
tocene bandicoots that included a new species of long-nosed
bandicoot, P. sobbei (Price 2002). More recent systematic
collecting from the P. sobbei type locality (QML796) and
an additional fluviatile fossil deposit (QML1396: See Fig. 1)
has led to further additions to the Darling Downs Pleistocene
bandicoot fossil record, including examples of species that
have modern allopatric distributions.
Geography and stratigraphy
The Darling Downs, southeastern Queensland, encompasses
low rolling hills and plains west of the Great Dividing Range.
The Great Dividing Range extends along the eastern seaboard
of Australia (Fig. 1) and is responsible for the extreme cli-
matic regimes experienced between central and eastern coa-
stal Australia. Darling Downs sediments consist of clays, silts
and sands derived from erosion of underlying Miocene basalt
flows and Mesozoic sandstones (Woods 1960; Gill 1978).
The Kings Creek catchment, southern Darling Downs,
contains the most abundant and extensive vertebrate fossil
deposits of the region (Molnar & Kurz 1997). The mod-
ern Kings Creek catchment, bounded to the north, east and
south by the Great Dividing Range, is fed by several mainly
dry or intermittent watercourses (Fig. 1). Two fossil depos-
its (QML796 and QML1396) located in the Kings Creek
catchment, formed the focus for the investigation (Fig. 1).
Both deposits consist of fluvially transported sediments and
are interpreted as representing channel and overbank de-
posits. Samples of charcoal from both deposits were sub-
mitted to ANSTO = Australian Nuclear Science and Tech-
nology Organisation. AMS = accelerated mass spectrometry
(Lawson et al. 2000) for the purpose of AMS14C dating.
The QML1396 bandicoot fossil-bearing horizon was dated
to 45 150 ± 1200 years ago (OZG855). A horizon overlying
the main bandicoot fossil-bearing horizon at QML796 was
dated to 40 000 ± 750 years ago (OZG853), thereby provid-
ing a minimum age for fossil bandicoots from the deposit.
Materials and methods
Fossils were recovered from distinct stratigraphic horizons
by the removal of sediment to target smaller fossil specimens.
The sediments were washed using graded sieves of 10 mm
to 1 mm and small bones were sorted following similar tech-
niques to those described in Andrews (1990).
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Figure 1 Modern Kings Creek Catchment with heights (in metres) of surrounding peaks and deposits (QML) where fossil bandicoot remains
were recovered. GDR, Great Dividing Range; KCC, Kings Creek Catchment; QML, Queensland Museum Locality.
Dental nomenclature follows Luckett (1993), where the
adult unreduced cheek tooth formula of marsupials is P1−3
and M1−4 in both upper and lower dentitions. Tooth mor-
phology follows Archer (1976). Higher systematics follow
Aplin & Archer (1987). Features distinguishing Isoodon and
Perameles are outlined in Smith (1972) and Archer (1978).
Referred material is deposited in the Queensland Museum
(QMF) under Queensland Museum Localities (QML).
Systematic palaeontology
SupercohortMARSUPIALIA Cuvier, 1817
Cohort AUSTRALIDELPHIA Szalay, 1982
Order PERAMELEMORPHIA Kirsch, 1968
Family PERAMELIDAE Gray, 1825
Genus ISOODON Desmarest, 1817
Isoodon obesulus Shaw, 1797 (Figs 2A, B; Table 1)
REFERRED MATERIAL. QMF44548, isolated LM1;
QMF44547, right dentary with RM3; Both from QML796.
DIAGNOSIS. See Lyne & Mort (1981).
DESCRIPTION.
Dentary. Deepest below M3; horizontal ramus broken anteri-
orly to M1 anterior alveolus and posteriorly just past anterior
edge of masseteric fossa; mental foramen small, anterovent-
ral to anterior alveolus of M1; vertical ramus approximately
115◦ to horizontal ramus.
LM1. Sub-rectangular in occlusal outline; talonid markedly
wider than trigonid; relative heights of cuspids indetermin-
Table 1 Measurements of fossil bandicoot molar teeth from
QML796 and QML1396, Darling Downs.
Species QMF Tooth Length Ant. width Post. width
Isoodon obesulus 44548 LM1 3.34 1.80 2.35
Isoodon obesulus 44547 RM3 3.78 2.27 2.29
Perameles 44549 RM1 2.89 1.58 1.95
bougainville
Perameles 44550 RM3 – 1.83 1.88
bougainville
Perameles nasuta 44567 RM1 3.62 1.91 2.33
Perameles nasuta 44568 RM1 3.43 – 2.52
Perameles nasuta 44566 LM3 4.20 2.50 2.56
All measurements are in mm. Length is the anterior-posterior distance. Ant.
width is the lingual–buccal distance across the trigonid. Post. width is the
lingual–buccal distance across the talonid.
ate due to wear; paraconid forms anterior margin of tooth,
entirely lingual to midline; metaconid posterolingual to
paraconid; protoconid occupies buccal portion of trigonid,
slightly anterobuccal to metaconid; entoconid lies directly
posterior to metaconid; hypoconid lies posterobuccal to pro-
toconid; entoconid and hypoconid on the same transverse
plane; hypoconulid prominent, posterior to entoconid; form
of posthypocristid and cristid obliqua obliterated by wear;
buccal surface of tooth is curved lingually with enamel ex-
tending to base of crown.
RM3. Sub-rectangular in occlusal outline; trigonid and
talonid are of a similar width; metaconid is tallest cusp fol-
lowed in descending order by protoconid, entoconid, para-
conid, then hypoconid; paraconid just posterior to anterior
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Figure 2 Darling Downs fossil bandicoot teeth. A, Isoodon obesulus, right dentary, QMF44547, lingual view; B, buccal view; C, Perameles
bougainville, RM1, QMF44549, occlusal view; D, P. nasuta, LM3, QMF44566, occlusal view; E, P. sobbei, RM2, QMF21680, occlusal view;
F, P. sobbei, LM3, QMF44569.
margin, positioned lingual to midline; metaconid directly
posterior to paraconid; metaconid and protoconid are in same
transverse plane; entoconid directly posterior to metaconid;
hypoconid directly posterior to protoconid; entoconid and
hypoconid are in the same transverse plane; hypoconulid
reduced or absent; posthypocristid runs posterolingually to
posterior base of entoconid; cristid obliqua descends antero-
lingually from apex of hypoconid, curving slightly to termi-
nate in the midvalley at posterobuccal base of metaconid; an-
terior cingulid high on anterior face of paraconid, rounded in
its lingual corner, tapering buccally to terminate at the
anterobuccal base of protoconid; small buccal cingulid
present at anterobuccal base of hypoconid; buccal surface
of tooth curved lingually with enamel extending to base of
crown.
REMARKS. The morphology of the Darling Downs ma-
terial is well within that exhibited by extant populations
(Tables 1 & 2). Isoodon obesulus is easily distinguished from
all other Isoodon species by: (i) being intermediate in its size
Table 2 Mean and observed range of measurements of modern bandicoot molar teeth.
Species Tooth Length Ant. width Post. width
Isoodon obesulus M1 3.23 (3.08–3.42) 1.81 (1.74–1.90) 2.27 (2.15–2.37)
Isoodon obesulus M3 3.56 (3.38–3.80) 2.45 (2.19–2.49) 2.47 (2.27–2.56)
Perameles bougainville M1 2.91 (2.79–3.03) 1.53 (1.48–1.58) 1.90 (1.85–1.95)
Perameles bougainville M3 3.04 (2.94–3.14) 1.88 (1.82–1.94) 1.94 (1.86–2.02)
Perameles nasuta M1 3.44 (3.25–3.64) 1.95 (1.8–2.04) 2.39 (2.24–2.53)
Perameles nasuta M3 3.96 (3.82–4.23) 2.42 (2.37–2.53) 2.48 (2.40–2.58)
All measurements are means in mm, with range in parentheses. Length is the anterior–posterior distance. Ant. width is the lingual–buccal
distance across the trigonid. Post. width is the lingual–buccal distance across the talonid. Measurements of Isoodon obesulus and Perameles
nasuta teeth are based on modern comparative material within the Queensland Museum and were adapted from Freedman (1967b) for
P. bougainville.
between the larger I. macourous and smaller I. auratus and
(ii) possessing a wider angle of the ascending ramus (Lyne &
Mort 1981).
Isoodon obesulus is generally regarded as a nocturnal
species feeding on earth worms and other invertebrates, in-
sects, fungi and subterranean plant material (Braithwaite
1995). Extant populations prefer sclerophyllous woodlands
with scrubby vegetation or areas with low ground cover
that are burnt out periodically (Menkhorst & Seebeck 1990;
Braithwaite 1995). Braithwaite (1995) suggested that after
fire, growing vegetation supports abundant insect food and
that forms a favourable habitat for I. obesulus.
The presence of Isoodon obesulus in the Pleistocene
deposits of the Darling Downs fills a significant spatial gap
between extant populations from southern Australia and far
north Queensland suggesting it had a more complete distri-
bution in the past (Fig. 3). It is probable that additional sys-
tematically collected Pleistocene fossil deposits north and
south of the Darling Downs will reveal additional informa-
tion about the past distribution of I. obesulus populations.
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Figure 3 Extant and sub-fossil geographical distributions of bandicoot species that occur in Darling Downs fossil deposits, with other
Australian Pleistocene deposits where combinations of those species occurred sympatrically.
Genus PERAMELES Geoffroy, 1804
Perameles bougainville Quoy & Gaimard, 1824
(Fig. 2C; Table 1)
REFERRED MATERIAL. QMF44549, isolated RM1, QML1396,
King Creek; QMF44550 isolated RM3, QML796, King
Creek.
DIAGNOSIS. See Freedman (1967a).
DESCRIPTION.
RM1. Sub-rectangular in occlusal outline; talonid slightly
wider than trigonid; metaconid, protoconid and entoconid
sub-equal in height, followed in descending order by para-
conid, then hypoconid; paraconid forms anterior margin of
tooth positioned slightly lingual to midline; metaconid pos-
terior and slightly lingual to paraconid; protoconid occu-
pies buccal portion of tooth, slightly anterobuccal to meta-
conid; entoconid conical in shape, directly posterior to meta-
conid; hypoconid posterobuccal to entoconid; hypoconulid
large at posterior base of entoconid; posthypocristid incom-
plete but may be an artefact of preservation; cristid obliqua
descends anterolingually from apex of hypoconid, curving
slightly buccally to terminate at posterobuccal base of
protoconid.
RM3. Anterior portion of trigonid broken; trigonid and
talonid approximately equal in width; heights of cuspids in-
determinate due to wear, although trigonid cuspids appear
to be higher than talonid cuspids; hypoconulid at posterior
base of entoconid; posthypocristid terminates at posterobuc-
cal base of entoconid. All other distinguishing characters are
either not preserved or obliterated by wear.
REMARKS. The teeth described here are morphologically and
morphometrically similar to those from extant populations
of P. bougainville (Tables 1 & 2). Perameles bougainville is
distinguished from all modern species by a combination of
features including: (i) its small size and (ii) more equidistant
trigonid cuspids. It is similar in lower molar morphology to
the Pliocene P. bowensis (Muirhead et al. 1997), but is distin-
guished from it by (i) its larger size and (ii) less equidistant
trigonid cuspids. A broken RM3 (QMF44550) is referred to
P. bougainville based on its small size.
Perameles bougainville is a nocturnal species, with ex-
tant populations occurring only on Bernier and Dorre Is-
lands, Shark Bay, Western Australia, although it once oc-
curred throughout much of southern Australia (Ashby et al.
1990; Kemper 1990; Menkhorst & Seebeck 1990; Friend &
Burbidge 1995: Fig. 3). Post-European extinction on the
mainland of Australia may be attributed to land clearance and
predation from feral species such as cats and foxes (Friend &
Burbidge 1995). Extant populations are commonly associ-
ated with scrub and open steppe habitats, although it was
once found on the continent in dense scrub thickets, open
saltbush and bluebush plains and on stoney ridges bordering
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scrubland (Friend & Burbidge 1995). It is generally regarded
as a semi-arid species.
The presence of P. bougainville in the Darling Downs
Pleistocene extends its previously known northeastern record
(Fig. 3).
Perameles nasuta Geoffroy, 1804 (Fig. 2D; Table 1)
REFERRED MATERIAL. QMF44567-8, isolated RM1s;
QML796, King Creek; QMF44566 isolated LM3, QML1396,
King Creek.
DIAGNOSIS. See Freedman (1967a).
DESCRIPTION.
RM1. Anterior one-third triangular, remainder sub-
rectangular in occlusal outline; talonid wider than tri-
gonid; protoconid tallest cusp followed in descending
order by metaconid, paraconid, hypoconid and ento-
conid; paraconid forms anterior margin of tooth, po-
sitioned slightly lingual to midline; metaconid poster-
olingual to paraconid; protoconid occupies buccal por-
tion of trigonid, on the same transverse plane as meta-
conid; entoconid directly posterior to metaconid; hypo-
conid posterobuccal to protoconid; hypoconid slightly pos-
terobuccal to entoconid; hypoconulid at posterobuccal
base of entoconid; posthypocristid extends from hypo-
conid to midline of posterior base of entoconid; cristid obli-
qua straight, descending anterolingually from hypoconid to
terminate at posterolingual base of protoconid; anterior and
posterior cingula absent.
RM3. Sub-rectangular in occlusal outline; trigonid and
talonid of approximately equal width; protoconid tallest cusp
followed in descending order by metaconid, paraconid, ento-
conid and hypoconid; paraconid slightly posterior to an-
terior margin; metaconid slightly posterolingual to para-
conid; metaconid and protoconid on same transverse plane;
entoconid directly posterior to metaconid; hypoconid dir-
ectly posterior to protoconid; hypoconid slightly posterior to
transverse entoconid; hypoconulid at posterior base of ento-
conid; posthypocristid runs posterolingual to posterobuccal
base of entoconid; cristid obliqua straight, terminating at pos-
terobuccal base of metaconid; anterior cingulid low on base
of crown, tapering buccally to terminate at anterobuccal base
of crown.
REMARKS. The lower molars of P. nasuta are distinguished
from all other Perameles (excepting the relatively larger Plio-
cene P. allinghamensis where the lower dentition is unknown)
by its larger size. Perameles nasuta is most similar in size to
P. gunnii but is distinguished from that species by possessing
a broader anterior cingulid that results in a more rectangu-
lar occlusal outline of the lower molar teeth. Lower molars
described here are morphologically and morphometrically
similar to the corresponding teeth of individuals from extant
populations (Tables 1 & 2).
Extant populations of P. nasuta have wide ranging hab-
itat tolerances, being recorded from rainforest to closed and
open woodlands, to areas with little ground cover (Lavery &
Grimes 1974; Stoddart 1995).
Extant P. nasuta populations have been recorded on the
Darling Downs (Van Dyck & Longmore 1991: Fig. 3).
Table 3 Measurements of referred P. sobbei upper
molar teeth from QML796, Darling Downs.
QMF Tooth Length Width
21680 RM2 3.86 –
44569 LM3 4.13 3.80
44570 LM3 4.08 3.99
44571 LM3 3.85 –
All measurements are in mm. Length is the anterior-posterior
distance. Width is the maximum lingual–buccal distance.
QMF, Queensland Museum Fossil accession code.
Perameles sobbei Price, 2002 (Figs 2E & 2F;
Table 3)
REFERRED MATERIAL. QMF21680, isolated RM2;
QMF44569-71, isolated LM3s; all from QML796,
King Creek.
DIAGNOSIS. See Price (2002), with the addition of: (i) meta-
conule on M3 reduced in comparison to similar sized species,
(ii) anterobuccal and posterobuccal corners of M3 less exten-
ded, (iii) anterior cingulum on M2 short, absent on M3 and
(iv) posterior cingula absent on M2 and M3.
DESCRIPTION.
RM2. Sub-triangular in occlusal outline; shallow ectoflexus;
metacone tallest cusp followed in descending order by St D,
St B, St A, metastylar tip and paracone. Comparison of
heights of metaconule and protocone not possible as lin-
gual portion of tooth broken; St A forms anterobuccal corner
of tooth; St B posterolingual to St A; paracone postero-
lingual to St A and anterolingual to St B; St D directly
posterior to St B; metastylar tip posterobuccal to St D;
metacone lies posterolingual to paracone, transversly pos-
terolingual to St D and anterolingual to metastylar tip; pre-
paracrista curves anteriorly to connect to St A; postparacrista
slightly shorter in length compared to preparacrista, runs
posterobuccally to connect to St B; premetacrista runs trans-
versely across tooth to link metacone and St D; postmetac-
rista run posterolingually to link metacone and metastylar tip;
preprotocrista terminates at anterolingual base of paracone;
posthypocrista terminates at postlingual base of metacone;
anterior cingulum short, below and buccal to midpoint of
preparacrista.
LM3. Triangular in occlusal outline with posterior surface
shortest of three crown dimensions; deep ectoflexus; shal-
low inflexion between protocone and metaconule; metacone
tallest cusp followed in descending order by St D, St B, St A,
metastylar tip, protocone and metaconule; St A forms anter-
obuccal corner of tooth; St B posterolingual to St A; paracone
posterolingual to St A and anterolingual to St B; St D dir-
ectly posterior to St B; metastylar tip posterobuccal to St D;
metacone lies posterolingual to paracone, transversely pos-
terolingual to St D and anterolingual to metastylar tip; pro-
tocone lies directly lingual to paracone; metaconule greatly
reduced lying posterobuccal to protocone and anterolingual
to metacone; preparacrista straight, connecting paracrista and
St A; postparacrista shorter than preparacrista and connects to
paracone to St B; premetacrista short, directed anterobuccally
from metacone, terminating at anterolingual base of St D;
postmetacrista straight, connecting metacone and metastylar
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tip; preprotocrista terminates at anterolingual base of para-
cone; posthypocrista absent; anterior and posterior cingula
absent.
REMARKS. The new upper molars described here are placed in
Perameles rather than Isoodon because they possess smaller
metaconules on M2 and M3 (Smith 1972), less extended
anterobuccal and posterobuccal corners on M2 and M3 and
they lack complete anterior and posterior cingula on M2 and
M3. The upper molars are placed in P. sobbei based on: (i)
correlation of size between lower and upper molar teeth and
(ii) by being morphologically distinct from all other known
species of Perameles.
Perameles sobbei is distinguished from P. bowensis,
P. bougainville and P. eremiana by being much larger and
from the poorly known P. allinghamensis by its smaller size.
Perameles sobbei is most similar in size to the extant
P. nasuta and P. gunnii, but differs from those species by
possessing a combination of features including: (i) smaller
metaconule on M3, (ii) less extended anterobuccal and pos-
terobuccal corners on M2 and M3, (iii) lacking anterior and
posterior cingula on M2 and M3 and (iv) preprotocrista con-
necting to the anterolingual base of paracone.
Perameles sobbei is so far restricted to the type locality
(QML796), despite specific searches for it at other Darling
Downs fossil localities. Morphological variation required to
include P. sobbei in any other species of Perameles is much
greater than that known in any single Perameles species,
fossil or extant. Therefore, P. sobbei is regarded as a valid
species rather than a highly variable population of a previ-
ously recognised Perameles species.
AFFINITIES. Perameles sobbei shares a combination of ple-
siomorphic and apomorphic characters with most modern
Perameles species. Perameles sobbei is morphologically sim-
ilar to the Pliocene P. bowensis and extant P. bougainville as it
possesses a reduced metaconule on M3, a condition regarded
as plesiomorphic by Muirhead (1994) who noted the autapo-
morphic trait is for the metaconule to be almost as large as
the protocone.
Perameles sobbei and P. bowensis retain the ple-
siomorphic character of lacking a posterior cingulum on M2
and M3, a condition that is also exhibited in plesiomorphic
didelphoids and dasyuroids. Modern Perameles are more
apomorphic in that character, as they possess better de-
veloped posterior cingula. Muirhead (1994) considered that
that feature is partially independent to the development of
the metaconule, as evidenced in other species of bandicoots.
Perameles sobbei and P. bowensis are the only members
of the genus where the preprotocrista connects to the anter-
olingual base of the protocone, a condition that also occurs
in plesiomorphic dasyuroids. The apomorphic condition is
exhibited by all modern Perameles where the preprotocrista
continues past the anterolingual base of the paracone and
terminates below the midline of the preparacrista.
Perameles bowensis is more plesiomorphic than
P. sobbei as it exhibits poor trough development between
St. B and St. D in the upper molars. However, on the basis
of the synapomorphic condition of the reduction of the
hypoconulid on M1 and absence from M3 (Price 2002),
P. sobbei and P. bowensis are regarded as sister taxa and
form a sister clade to all Recent Perameles. In addition, both
species are regarded as being more plesiomorphic than Re-
cent Perameles as they retain plesiomorphies in the upper
dentition including (i) reduced metaconule on M3, (ii) lack-
ing posterior cingula on M2−3 and (iii) shorter preprotocrista;
and in the lower dentition by possessing equidistant trigonid
cuspids (Price 2002).
The relationship between P. sobbei and the Pliocene
P. allinghamensis is unclear. P. allinghamensis is so far
known only from an isolated M2 that is markedly larger than
the corresponding tooth of all other species of Perameles.
It is unique in that it is the only member of the genus that
possesses the apomorphic character of a complete anterior
cingulum on M2 (Archer 1978). However, the anterior cingu-
lum of M2 is lower on the crown than that of all other known
Perameles, a feature considered to be plesiomorphic (Muir-
head et al. 1997). In addition, the preparacrista and para-
stylar corner of the crown is arranged entirely differently
to all other known species of Perameles (Muirhead et al.
1997). It is for such reasons that Archer (1978) suggested
that additional material may indicate that P. allinghamensis
may actually represent a new genus of bandicoot.
Discussion
Early species lists of Darling Downs Pleistocene vertebrate
faunas are dominated by extinct megafaunal taxa such as
Diprotodon, Protemnodon and Macropus titan (Bartholomai
1976, 1977), with small-sized forms such as bandicoots be-
ing overlooked. However, since systematic collecting com-
menced on the Darling Downs fossil deposits in 1997, extens-
ive faunas containing small-sized taxa have been collected
that include more samples of extant species (Molnar & Kurz
1997; Price 2002). This paper extends those results with the
extant species Isoodon obesulus, Perameles bougainville and
P. nasuta being recognised in the Darling Downs Pleistocene
fossil record for the first time.
Isoodon macrourus remains absent in the Darling
Downs fossil record despite the occurrence of extant popula-
tions in the region (Van Dyck & Longmore 1991). Its absence
in the Darling Downs fossil record may be explained by three
hypotheses: (i) suitable habitat to support its populations was
lacking on the Darling Downs during the Pleistocene; (ii) it
was out-competed for resources by other species such as
I. obseulus that share a similar ecology or (iii) it occurred
but has not been sampled. Extant I. macrourus has a similar
distribution to P. nasuta (Gordon et al. 1990) and both spe-
cies occur in a wide variety of habitats. Hence, I. macrourus
might be expected to have occurred with P. nasuta in the
Darling Downs fossil deposits. Extant I. macrourus and
I. obesulus populations occur sympatrically in far north
Queensland, possibly ruling out the competitive exclusion
hypothesis. However, Gordon & Hulbert (1989) suggested
that when some bandicoot species occur in areas of sympatry,
habitat utilisation may be slightly different from those areas
where they occur allopatrically. Regardless, the favoured hy-
pothesis is that I. macrourus was missed during sampling.
Previous Darling Downs palaeoenvironmental analyses
have been based on interpreted ecologies of extinct mega-
fauna. Previous investigations have suggested that the Pleis-
tocene Darling Downs was composed of expansive grass-
lands, as inferred by the wide range of grazing species, al-
though some woodlands must have existed to support less di-
verse populations of browsing taxa (Bartholomai 1973, 1976;
Archer 1978; Molnar & Kurz 1997). Creeks and watercourses
may have been larger in order to support the populations
354 G. J. Price
of crocodiles that are represented in the fossil deposits
(Molnar & Kurz 1997). Recently recovered small-sized
fossil taxa are beginning to demonstrate that Darling Downs
palaeoenvironments were more complex than originally
thought (Price 2003; Price & Sobbe 2003) and the value of
using small-sized taxa in reconstructing past environments
is increasingly being documented (Brothwell & Jones 1978;
Andrews 1990; Vigne & Valladas 1996).
Extant species that occur in fossil assemblages form
a rational basis for palaeoenvironmental reconstructions
(Lundelius 1983). Interpreted ecologies of fossil bandicoot
taxa drawn by analogy with extant bandicoot populations al-
low additional palaeoenvironmental inferences to be made
about the Darling Downs Pleistocene environments. In the
case of the Darling Downs, investigations of small-sized taxa
such as bandicoots are particularly important because they
once occurred sympatrically with now extinct megafauna. In
the light of the on-going controversy over the timing and
causes of Australian megafauna extinctions (Choquenot &
Bowman 1998; Miller et al. 1999; Field & Fullager 2001;
Roberts et al. 2001a, b; Brook & Bowman 2002) studies of
small-sized taxa and habitat change may elucidate causes for
megafaunal decline on the Darling Downs.
The occurrence of P. nasuta in the Darling Downs fossil
record is of little palaeoenvironmental significance because
the species is known from a wide range of varying habitats.
However, the fossil record of species that have more critical
environmental preferences such as I. obesulus, provides evid-
ence that sclerophyllous woodlands and forests with dense
understory vegetation were significant on the Pleistocene
Darling Downs. Periodic Pleistocene fires may have created
mosaics of habitat suitable to sustain I. obesulus populations
on the Darling Downs. Scrubby thicketed areas may also
have existed to support populations of P. bougainville.
Comparison of the Darling Downs fossil bandicoot as-
semblages to the geographical distribution of both mod-
ern and fossil bandicoot assemblages where I. obesulus,
P. bougainville and P. nasuta co-exist, suggests that the
Darling Downs assemblage is unique. The geographical dis-
tributions of extant populations of I. obesulus and P. nasuta
overlap in southeastern Australia and in far north Queensland
(Fig. 3). Similarly, I. obesulus and P. nasuta occur sympatric-
ally in Pleistocene fossil assemblages of the Texas Caves
faunas, southeastern Queensland (Archer 1978), Cathedral
Cave, central New South Wales (Dawson & Augee 1997) and,
possibly, Cement Mills, southeastern Queensland (Bartho-
lomai 1977: Fig. 3). Pre-European settlement, extant and
sub-fossil populations of I. obesulus and P. bougainville over-
lapped in southern South Australia and southwestern Western
Australia (Fig. 3). Pleistocene fossil assemblages containing
sympatric associations of those two species have been recor-
ded from Victoria Cave and Henschke Fossil Cave, south-
eastern South Australia (Smith 1972; Pledge 1990), Seton
Rock Shelter, Kangaroo Island (Hope et al. 1977) and Mam-
moth Cave and Devil’s Lair, southwestern Western Australia
(Merilees 1965; Dortch & Merrilees 1971: Fig. 3). Similarly,
prior to European settlement, the geographical distribution
of extant populations of P. bougainville and P. nasuta over-
lapped slightly in southeastern New South Wales. On the
Darling Downs, P. bougainville and P. nasuta are the only
bandicoot taxa represented at QML1396. However, those
two species, plus I. obesulus and P. sobbei, were collected
from the same stratigraphic horizon at QML796. Hence, the
QML796 fossil bandicoot assemblage represents the only
fauna, fossil or modern, where I. obesulus, P. bougainville
and P. nasuta are known to have occurred sympatrically.
Although there are no modern analogues to explain such a
diverse assemblage, the dynamic processes involved in the
accumulation of fossil assemblages must be fully understood
before palaeoenvironmental interpretations can be made. Hy-
potheses to explain the accumulation of the QML796 include:
(i) the Kings Creek catchment sampled a wide geographical
area and possibly several habitats resulting in a spatially
mixed assemblage; (ii) fossil material was reworked from
older to younger units resulting in a temporally mixed as-
semblage; or (iii) a mosaic of habitats was present during the
Pleistocene to support more diverse bandicoot populations
than today.
Documentation of the geographical area sampled in pa-
laeoecological studies of fossil vertebrate deposits is rarely
attempted, primarily because it is commonly difficult or
impossible to determine the precise geographical extent
represented by samples. The geographical extent of pa-
laeodrainages is commonly poorly constrained, hence fossil
assemblages in fluvial settings may contain geographic-
ally mixed assemblages. However, the modern Kings Creek
catchment suggests a relatively small sampling area (Fig. 1).
With relatively low rates of erosion and uplift since the late
Pleistocene, the Pleistocene Kings Creek catchment is un-
likely to have been significantly larger than present and the
upstream portion of the catchment is bounded to the north,
east and south by the Great Dividing Range, which acts
as a regional divide. Hence, it is highly unlikely that the
Kings Creek fossil deposits represent accumulations of ma-
terial from geographical areas outside the immediate modern
catchment area. Therefore, hypothesis 1 is rejected. In addi-
tion, while the bandicoot fossil assemblage is represented
by disarticulated material, the lack of abrasive markings and
rounding of edges of bone indicate that reworking is minimal.
Hence, hypothesis 2 is also rejected. The favoured hypothesis
explaining the Kings Creek bandicoot assemblages is that a
mosaic of suitable habitats was present in the Pleistocene
Kings Creek catchment.
The occurrences of non-analogue assemblages of fossil
taxa, such as the Darling Downs Pleistocene bandicoot taxa,
can be interpreted to suggest that past climates were more
equable than at present and a greater range of habitat niches
were available (Lundelius 1983, 1989; Graham & Lundelius
1984). A more equable climate may be achieved when an
environment has a lower temperature and lower evaporation
rate resulting in increased moisture and that would result in
a less extreme environment throughout the year (Lundelius
1983). A climatic regime such as that may have operated on
the Darling Downs during the Pleistocene such that it could
support sympatric populations of I. obesulus, P. bougainville
and P. nasuta.
The relationship between fossil and extant populations
of I. obesulus, P. bougainville and P. nasuta on the Darling
Downs is similar to that for certain Pleistocene faunas of
southern Africa, where Pleistocene deposits contain several
species that do not occur in those regions today, although
they do occur sympatrically in other parts of Africa (Klein
1975). Lundelius (1989) recognised that those African fossil
mammal assemblages are not ‘disharmonious’ assembl-
ages in the sense that the extant species populations are
totally allopatric, but that they indicate that environmental
change must have altered the distribution of those populations
significantly since the Pleistocene. Significant environmental
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change is also likely to be responsible for the changes in
the geographical distributions of Darling Downs bandicoots.
Contraction of woodlands and scrublands and expansion of
grasslands would probably have resulted in less suitable hab-
itat for bandicoots in general. Habitat change was clearly
detrimental to I. obesulus and P. bougainville populations,
resulting in the contraction of their geographical distribu-
tions. The persistence of P. nasuta populations on the Darling
Downs from the Pleistocene to the present is likely to be at-
tributable to that species’ ability to occupy a wide range of
habitats.
Extinction of the megafauna during the late Pleisto-
cene may also be associated with environmental change
on the Darling Downs. Whether that environmental change
was due to the effects of anthropogenic modification of the
landscape through the over-use of land management prac-
tices such as burning (Jones 1969), or natural contraction of
woodlands and scrublands through aridification during the
onset of the last glacial maximum, is unknown. Burning of
the Pleistocene Darling Downs landscape by humans could
have indirectly created mosaics of suitable habitat to support
I. obesulus populations, but may have been detrimental to
the persistence of the megafauna. However, while there is
a temporal overlap in the age of the Darling Downs fossil
deposits (45–40 ka) and the arrival of the first humans in
Australia (∼ 56 ± 4 ka: Roberts et al. 1994; Thorne et al.
1999), there is no evidence of humans on the Darling Downs
before 12 ka (Gill 1978). Clearly, significant environmental
change occurred on the Darling Downs some time during the
late Pleistocene resulting in both absolute and regional ex-
tinctions of several species. Only through additional studies
of Darling Downs palaeoenvironments will hypotheses about
environmental change and species extinction be further con-
strained.
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